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Molecular models of DNA 

Molecular models of DNA structures are representations of the molecular geometry and 
topology of Deoxyribonucleic acid (DNA) molecules using one of several means, such as: 
closely packed spheres (CPK models) made of plastic, metal wires for 'skeletal models', 
graphic computations and animations by computers, artistic rendering, and so on, with the 
aim of simplifying and presenting the essential, physical and chemical, properties of DNA 
molecular structures either in vivo or in vitro. Computer molecular models also allow 
animations and molecular dynamics simulations that are very important for understanding 
how DNA functions in vivo. Thus, an old standing dynamic problem is how DNA 
"self-replication" takes place in living cells that should involve transient uncoiling of 
supercoiled DNA fibers. Altough DNA consists of relatively rigid, very large elongated 
biopolymer molecules called "fibers" or chains (that are made of repeating nucleotide units 
of four basic types, attached to deoxyribose and phospate groups), its molecular stucture in 
vivo undergoes dynamic configuration changes that involve dynamically attached water 
molecules and ions. Supercoiling, packing with histones in chromosome structures, and 
other such supramolecular aspects also involve in vivo DNA topology which is even more 
complex than DNA molecular geometry, thus turning molecular modeling of DNA into an 
especially challenging problem for both molecular biologists and biotechnologists. Like 
other large molecules and biopolymers, DNA often exists in multiple stable geometries (that 
is, it exhibits conformational isomerism) and configurational, guantum states which are 
close to each other in energy on the potential energy surface of the DNA molecule. Such 
geometries can also be computed, at least in principle, by employing ab initio quantum 
chemistry methods that have high accuracy for small molecules. Such quantum geometries 
define an important class of ab initio molecular models of DNA whose exploration has 
barely started. 

In an interesting twist of roles, the DNA molecule itself was proposed to 
be utilized for quantum computing. Both DNA nanostructures as well as 
DNA 'computing' biochips have been built (see biochip image at right). 

The more advanced, computer-based molecular models of DNA involve 

molecular dynamics simulations as well as quantum mechanical . . ,. 3D 

computations of vibro-rotations, delocalized molecular orbitals (MOs), 

electric dipole moments, hydrogen-bonding, and so on. 
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Importance 

From the very early stages of structural studies of DNA by X-ray 
diffraction and biochemical means, molecular models such as the 
Watson-Crick double-helix model were succesfully employed to solve the 
'puzzle' of DNA structure, and also find how the latter relates to its key 
functions in living cells. The first high guality X-ray diffraction patterns 
of A-DNA were reported by Rosalind Franklin and Raymond Gosling in 
1953 [ ' . The first calculations of the Fourier transform of an atomic helix 
were reported one year earlier by Cochran, Crick and Vand [ ' , and were 
followed in 1953 by the computation of the Fourier transform of a 
coiled-coil by Crick . The first reports of a double-helix molecular 
model of B-DNA structure were made by Watson and Crick in 1953 . 

Last-but-not-least, Maurice F. Wilkins, A. Stokes and H.R. Wilson, 
reported the first X-ray patterns of in vivo B-DNA in partially oriented 
salmon sperm heads . The development of the first correct 

double-helix molecular model of DNA by Crick and Watson may not have 

been possible without the biochemical evidence for the nucleotide base-pairing ([A — T]; 

[C-G]), or Chargaff's rules [7] [8] [9] [10] [11] [12] . 




Examples of DNA molecular models 

Animated molecular models allow one to visually explore the three-dimensional (3D) 
structure of DNA. The first DNA model is a space-filling, or CPK, model of the DNA 
double-helix whereas the third is an animated wire, or skeletal type, molecular model of 
DNA. The last two DNA molecular models in this series depict guadruplex DNA that 

may be involved in certain cancers . The last figure on this panel is a molecular 

model of hydrogen bonds between water molecules in ice that are similar to those found in 
DNA. 
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Spacefilling models or CPK models - a molecule is represented by overlapping spheres 
representing the atoms. 




Images for DNA Structure Determination from X-Ray 
Patterns 

The following images illustrate both the principles and the main steps involved in 
generating structural information from X-ray diffraction studies of oriented DNA fibers with 
the help of molecular models of DNA that are combined with crystallographic and 
mathematical analysis of the X-ray patterns. From left to right the gallery of images shows: 

• First row: 

• 1. Constructive X-ray interference, or diffraction, following Bragg's Law of X-ray 
"reflection by the crystal planes"; 

• 2. A comparison of A-DNA (crystalline) and highly hydrated B-DNA (paracrystalline) X-ray 
diffraction, and respectively, X-ray scattering patterns (courtesy of Dr. Herbert R. Wilson, 
FRS- see refs. list); 

• 3. Purified DNA precipitated in a water jug; 

• 4. The major steps involved in DNA structure determination by X-ray crystallography 
showing the important role played by molecular models of DNA structure in this iterative, 
structure-determination process; 

• Second row. 

• 5. Photo of a modern X-ray diffractometer employed for recording X-ray patterns of DNA 
with major components: X-ray source, goniometer, sample holder, X-ray detector and/or 
plate holder; 

• 6. Illustrated animation of an X-ray goniometer; 

• 7. X-ray detector at the SLAC synchrotron facility; 

• 8. Neutron scattering facility at ISIS in UK; 

• Third and fourth rows: Molecular models of DNA structure at various scales; figure 
#1 1 is an actual electron micrograph of a DNA fiber bundle, presumably of a single 
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Paracrystalline lattice models of B-DNA structures 

A paracrystalline lattice, or paracrystal, is a molecular or atomic lattice with significant 
amounts (e.g., larger than a few percent) of partial disordering of molecular 
arranegements. Limiting cases of the paracrystal model are nanostructures, such as 
glasses, liquids, etc., that may possess only local ordering and no global order. Liquid 
crystals also have paracrystalline rather than crystalline structures. 
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DNA Helix controversy in 1952 
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Highly hydrated B-DNA occurs naturally in living cells in such a paracrystalline state, which 
is a dynamic one in spite of the relatively rigid DNA double-helix stabilized by parallel 
hydrogen bonds between the nucleotide base-pairs in the two complementary, helical DNA 
chains (see figures). For simplicity most DNA molecular models ommit both water and ions 
dynamically bound to B-DNA, and are thus less useful for understanding the dynamic 
behaviors of B-DNA in vivo. The physical and mathematical analysis of X-ray and 

spectroscopic data for paracrystalline B-DNA is therefore much more complicated than that 
of crystalline, A-DNA X-ray diffraction patterns. The paracrystal model is also important for 
DNA technological applications such as DNA nanotechnology. Novel technigues that 
combine X-ray diffraction of DNA with X-ray microscopy in hydrated living cells are now 
also being developed (see, for example, "Application of X-ray microscopy in the analysis of 
living hydrated cells" [18] ). 

Genomic and Biotechnology Applications of DNA molecular 
modeling 

The following gallery of images illustrates various uses of DNA molecular modeling in 
Genomics and Biotechnology research applications from DNA repair to PCR and DNA 
nanostructures; each slide contains its own explanation and/or details. The first slide 
presents an overview of DNA applications, including DNA molecular models, with emphasis 
on Genomics and Biotechnology. 



Gallery: DNA Molecular modeling applications 
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Databases for DNA molecular models and sequences 

X-ray diffraction 

• NDB ID: UD0017 Database [19] 

• X-ray Atlas -database 

• PDB files of coordinates for nucleic acid structures from X-ray diffraction by NA (incl. 
DNA) crystals [21] 

• Structure factors dowloadable files in CIF format 
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Neutron scattering 

• ISIS neutron source 

• ISIS pulsed neutron source:A world centre for science with neutrons & muons at 
Harwell, near Oxford, UK. [23] 



X-ray microscopy 

• Application of X-ray microscopy in the analysis of living hydrated cells 



[24] 



Electron microscopy 

• DNA under electron microscope 

Atomic Force Microscopy (AFM) 

Two-dimensional DNA junction arrays have been visualized by Atomic Force Microscopy 

rnci 

(AFM) . Other imaging resources for AFM/Scanning probe microscopy(SPM) can be 
freely accessed at: 

• How SPM Works [27] 

• SPM Image Gallery - AFM STM SEM MFM NSOM and more. [28] 

Gallery of AFM linages 
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Mass spectrometry—Maldi informatics 
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Spectroscopy 

• Vibrational circular dichroism (VCD) 

• FT-NMR [29] [30] 

• NMR Atlas-database [31] 

• mmcif downloadable coordinate files of nucleic acids in solution from 2D-FT NMR data 

[32] 

• NMR constraints files for NAs in PDB format [33] 
NMR microscopy 
Microwave spectroscopy 
FT-IR 

FT-NIR [35] [36] [37] 

Spectral, Hyperspectral, and Chemical imaging) [38] [39] [40] [41] [42] [43] [44] . 
Raman spectroscopy/microscopy and CARS 

Fluorescence correlation spectroscopy , Fluorescence 

cross-correlation spectroscopy and FREP 55 ^ ' 56 ^ ' 57 ^ . 
Confocal microscopy^ ] 
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Gallery: CARS (Raman spectroscopy), Fluorescence confocal 
microscopy, and Hyperspectral imaging 
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Genomic and structural databases 

• CBS Genome Atlas Database ' 59 ^ — contains examples of base skews. 60 ^ 

• The Z curve database of genomes — a 3-dimensional visualization and analysis tool of 
genomes [61][621 . 

• DNA and other nucleic acids' molecular models: Coordinate files of nucleic acids 
molecular structure models in PDB and CIF formats 
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External links 

• DNA the Double Helix Game (http://nobelprize.org/educational_games/medicine/ 
dna_double_helix/) From the official Nobel Prize web site 

• MDDNA: Structural Bioinformatics of DNA (http://humphry.chem. wesleyan.edu:8080/ 
MDDNA/) 

• Double Helix 1953-2003 (http://www.ncbe.reading.ac.uk/DNA50/) National Centre 
for Biotechnology Education 

• DNA under electron microscope (http://www.fidelitysystems.com/Unlinked_DNA.html) 

• Ascalaph DNA (http://www.agilemolecule.com/Ascalaph/Ascalaph_DNA.html) — 
Commercial software for DNA modeling 

• DNAlive: a web interface to compute DNA physical properties (http://mmb.pcb.ub.es/ 
DNAIive). Also allows cross-linking of the results with the UCSC Genome browser and 
DNA dynamics. 

• DiProDB: Dinucleotide Property Database (http://diprodb.fli-leibniz.de). The database is 
designed to collect and analyse thermodynamic, structural and other dinucleotide 
properties. 

• Further details of mathematical and molecular analysis of DNA structure based on X-ray 
data (http://planetphysics.org/encyclopedia/ 
BesselFunctionsApplicationsToDiffractionByHelicalStructures.html) 

• Bessel functions corresponding to Fourier transforms of atomic or molecular helices. 
(http://planetphysics.org/?op=getobj&from=objects& 

name= Bessel FunctionsAndTheirApplicationsToDiffractionByHelicalStructures) 

• Application of X-ray microscopy in analysis of living hydrated cells (http://www.ncbi. 
nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt= Abstracts 
list_uids=12379938) 

• Characterization in nanotechnology some pdfs (http://nanocharacterization.sitesled. 
com/) 

• overview of STM/AFM/SNOM principles with educative videos (http://www.ntmdt.ru/ 
SPM-Techniques/Principles/) 

• SPM Image Gallery - AFM STM SEM MFM NSOM and More (http://www.rhk-tech.com/ 
results/showcase, php) 

• How SPM Works (http://www.parkafm.com/New_html/resources/01general.php) 

• U.S. National DNA Day (http://www.genome.gov/10506367) — watch videos and 
participate in real-time discusssions with scientists. 

• The Secret Life of DNA - DNA Music compositions (http://www.tjmitchell.com/stuart/ 
dna.html) 
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License 

Version 1.2, November 2002 

Copyright (CJ 2000,2001,2002 Free Software Foundation, Inc. 
51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA 
Everyone is permitted to copy and distribute verbatim copies 
of this license document, but changing it is not allowed. 

O.PREAMBLE 

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone 
the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License 
preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others. 
This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the 
GNU General Public License, which is a copyleft license designed for free software. 

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should 
come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any 
textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose 
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1. APPLICABILITY AND DEFINITIONS 

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under 

the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated 

herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the 

license if you copy, modify or distribute the work in a way requiring permission under copyright law. 

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or 

translated into another language. 

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or 
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is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words. 

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, 

that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for 

drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats 

suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to 

thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of 
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a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image 

formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML 

or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some 

word processors for output purposes only. 

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License 

requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent 

appearance of the work's title, preceding the beginning of the body of the text. 

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that 

translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", 

"Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" 

according to this definition. 

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers 

are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty 

Disclaimers may have is void and has no effect on the meaning of this License. 

2.VERBATIM COPYING 

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, 
and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to 
those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. 
However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in 
section 3. 
You may also lend copies, under the same conditions stated above, and you may publicly display copies. 

3. COPYING IN QUANTITY 

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's 
license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the 
front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front 
cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying 
with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in 
other respects. 

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, 
and continue the rest onto adjacent pages. 

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy 
along with each Opaque copy, or state in or with each Opaque copy a computer- network location from which the general network-using public has 
access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter 
option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will 
remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or 
retailers) of that edition to the public. 

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a 
chance to provide you with an updated version of the Document. 

4.MODIFICATIONS 

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified 
Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the 
Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version: 

1. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there 
were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version 
gives permission. 

2. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together 
with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this 
requirement. 

3. State on the Title page the name of the publisher of the Modified Version, as the publisher. 

4. Preserve all the copyright notices of the Document. 

5. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices. 
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6. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this 
License, in the form shown in the Addendum below. 

7. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice. 

8. Include an unaltered copy of this License. 

9. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the 
Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and 
publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence. 

10. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network 
locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network 
location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives 
permission. 

11. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and 
tone of each of the contributor acknowledgements and/or dedications given therein. 

12. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered 
part of the section titles. 

13. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version. 

14. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section. 

15. Preserve any Warranty Disclaimers. 

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the 

Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the 

Modified Version's license notice. These titles must be distinct from any other section titles. 

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties--for example, 

statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard. 

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover 

Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) 

any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity 

you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the 

old one. 

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply 

endorsement of any Modified Version. 

5. COMBINING DOCUMENTS 

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, 

provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant 

Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers. 

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are 

multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in 

parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section 

titles in the list of Invariant Sections in the license notice of the combined work. 

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise 

combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements." 

6.COLLECTIONS OF DOCUMENTS 

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this 
License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim 
copying of each of the documents in all other respects. 

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into 
the extracted document, and follow this License in all other respects regarding verbatim copying of that document. 

7.AGGREGATION WITH INDEPENDENT WORKS 

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution 
medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond 
what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which 
are not themselves derivative works of the Document. 

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire 
aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers 
if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate. 

8.TRANSLATION 

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant 
Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in 
addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, 
and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and 
disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will 
prevail. 

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will 
typically require changing the actual title. 

9.TERMINATION 

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any other attempt to copy, modify, 
sublicense or distribute the Document is void, and will automatically terminate your rights under this License. However, parties who have received 
copies, or rights, from you under this License will not have their licenses terminated so long as such parties remain in full compliance. 

10. FUTURE REVISIONS OF THIS LICENSE 

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be 
similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/. 
Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or 
any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has 
been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any 
version ever published (not as a draft) by the Free Software Foundation. 

How to use this License for your documents 

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices 
just after the title page: 

Copyright (c) YEAR YOUR NAME. 

Permission is granted to copy, distribute and/or modify this document 

under the terms of the GNU Free Documentation License, Version 1.2 

or any later version published by the Free Software Foundation; 

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. 

A copy of the license is included in the section entitled "GNU 

Free Documentation License". 
If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with... Texts." line with this: 

with the Invariant Sections being LIST THEIR TITLES, with the 

Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST. 
If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation. 
If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software 
license, such as the GNU General Public License, to permit their use in free software. 
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